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(57) Abstract 

The present invention provides an effective way for Telecom operators to provide ADSL service to customers who are receiving 
POTS service over a pair gain system or who are connected to ISDN. According to one embodiment of the invention, an ADSL/VDSL 
(Very High Speed DSL) splitter is integrated in the remote terminal of a pair gain system or in the NT1 (Network Termination I) of an 
ISDN BA (Basic Access). Therefore, no extra box on the house and no extra truck roll is required when the customer orders ADSL service, 
integrating the splitter makes the telephone line upwards compatible with UADSL since UADSL can be directly connected to an analog 
telephone line. According to another embodiment of the invention, both the splitter and ADSL/UADSL modems are integrated in the remote 
terminal of a pair gain system or in the NT 1 of an ISDN BA. The splitter in the telephone company location may also be integrated in the 
central office terminal (COT) of the pair gain system. According to a further embodiment of die invention, the UADSL signal output of 
an ADSL splitter in the remote terminal of a pair gain system is connected to an analog POTS port, with appropriate filtering. According 
to this embodiment, the UADSL signal is connected to all POTS lines coming out of a remote terminal. Connecting the UADSL output of 
the splitter to the POTS output eliminates the need for additional wiring in the customers house. 
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WO 99/51019 PCT/US99/06499 

ACCESS NETWORK WITH AN INTEGRATED SPLITTER 



BACKGROUND OF THE INVENTION 

The invention relates generally to telecommunications, and more 
particularly to access network with an integrated splitter. 

Telephone customers are moving in an evolutionary way to higher 
bandwidths, from sharing POTS (Plain Old Telephone Service) and 
modem on one line to dedicated analog modem line at 33.6 kbps, to 
dedicated analog modem line at 56 kbps, and then to ISDN BA (Basic 
Access). Now, ADSL (asymmetrical digital subscriber line) has been 
introduced, and the ADSL modems have become proven technology. 
ADSL refers to the two way capability of a twisted copper pair with analog 
to digital conversion at the subscriber end and an advanced transmission 
technology. Ordinary twisted pair equipped with ADSL modems can 
transmit movies, television, dense graphics, and very high speed data. 
For all its capacity, ADSL leaves POTS (Plain Old Telephone Service) 
undisturbed. A single ADSL line therefore offers simultaneous channels 
for personal computers, televisions, and telephones. With ADSL, 
telephone companies can connect almost every home and business to 
exciting new interactive broadband services. The recent announcement of 
the Universal ADSL has accelerated the interest in the UADSL 
technology and will speed up of introducing UADSL in large volume. 

The ISDN and ADSL services are different. ISDN provides two 
voice channels or a 128 kbps data channel while ADSL is predominantly a 
data pipe providing an asymmetrical bandwidth of up to 9 Mbps 
downstream and 800 kbps upstream. An ADSL access network will be an 
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overlay network and therefore not require the expensive and time- 
* consuming switch upgrades that held ISDN back for so long. 

The customers for ADSL most likely already have a dedicated 
5 modem line or ISDN. A large proportion of the future customers will be 
connected to pair gain systems in the US or to ISDN in Europe. 

Figure 1 shows a standard ADSL configuration. At a telephone 
company location 100, a central office terminal (COT) 2, such as a line 
card, provides an analog telephone line POTS. An ADSL modem 4, which 
receives broadband data from the Internet, for example, provides ADSL. 
Both the POTS and ADSL are connected to a splitter 6, which provides 
both the POTS and ADSL services to a customer premise 200. A splitter 8 
receives the POTS and ADSL signals and separates them. The ADSL 
provided from splitter 8 is connected to an ADSL modem 10, which is 
connected to either ATM 25 (asynchronous transfer mode 25 Mbps) or 
Ethernet. Splitters 6 and 8 are bi-directional. In other words, splitter 8 
also integrates the POTS and ADSL into a single pair of lines. The single 
pair of lines is connected to splitter 6, which separates it to POTS and 
ADSL lines and provides them to COT 2 and ADSL modem 4, respectively. 
In this configuration, two splitters 6 and 8 are needed, one at telephone 
company location 100 and the other at customer premise 200. 

Figure 2 shows a configuration of UADSL, i.e., splitterless ADSL. In 
this configuration, no splitter is required at customer premise 200. A 
UADSL modem 14 is connected in parallel with an analog telephone 
equipment 12. UADSL modem 14 will work simultaneously with 
telephone equipment 12, i.e. also during ringing, dial pulsing, etc. The bit 
rate of UADSL modem 14 will be significantly lower compared to full-rate 
ADSL, but there will still be an improvement of 20-25 times over the 
actually achievable bit rates with analog modems. 
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Figure 3A shows a configuration of ADSL over a pair gain system. 
In this configuration, at telephone company location 100, COT 2 provides 
two pairs of POTS lines to a pair gain line card (LC) system 16, which 
converts the two pairs into one DSL (Digital Subscriber Line). The DSL 
and ADSL supplied from ADSL modem 4 are connected to splitter 18, 
which provides DSL and ADSL services to customer premise 200 on a 
single pair of lines. At customer premise 200, splitter 20 separates the 
DSL from the ADSL. The DSL is provided to a pair gain remote terminal 
(RT) 22, which provides two analog POTS lines. The ADSL is provided to 
ADSL modem 24, which is connected to either ATM 25 or Ethernet. 
Because of the difference in frequency use, remote power feeding, etc., 
there will always be a need for splitter 20 at customer premise 200 side 
with pair gain systems even with UADSL transmission. In the case of 
providing ADSL over ISDN BA (basic access), pair gain remote terminal 
22 can also be an ISDN NT1 (network termination 1). 

Figure 3B shows a standard remote terminal 22. Connectors 1, 2 
and DSL are connected to POTS 1, POTS 2, and DSL lines, respectively. 

In the conventional configurations, such as shown in Figs. 1 and 3A, 
an external splitter is required at customer premise 200. The external 
splitter is usually located in a sealed box. However, an external splitter at 
the customer premise means an extx-a box at or in the house. 
Furthermore, using an external splitter as a separate device involves a 
number of operational and administrative issues, such as ordering, 
provisioning, maintenance, customer service, billing, testing, etc. Thus, 
when a customer orders ADSL service, all these issues need to be resolved. 
This presents significant operational and administrative costs to Telecom 
operators. 
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Therefore, there is need for an integrated remote terminal that 
•reduces the operational and administrative costs associated with 
providing ADSL services to customers. 



5 SUMMARY OF THE INVENTION 

The present invention provides an effective way for Telecom 
operators to provide ADSL service to customers who are receiving POTS 
service over a pair gain system or who are connected to ISDN. 

10 

According to one embodiment of the invention, an ADSL/VDSL 
(Very High Speed DSL) splitter is integrated in the remote terminal of a 
pair gain system or in the NT1 (Network Termination 1) of an ISDN BA 
(Basic Access). Therefore, no extra box on the house and no extra truck 
15 roll is required when the customer orders ADSL service. Integrating the 
splitter makes the telephone line upwards compatible with UADSL since 
UADSL can be directly connected to an analog telephone line. 

According to another embodiment of the invention, both the splitter 
20 and ADSL/UADSL modems are integrated in the remote terminal of a pair 
gain system or in the NT 1 of an ISDN BA. The splitter in the telephone 
company location may also be integrated in the central office terminal 
(COT) of the pair gain system. 

25 According to a further embodiment of the invention, the UADSL 

signal output of an ADSL splitter in the remote terminal of a pair gain 
system is connected to an analog POTS port, with appropriate filtering. 
According to this embodiment, the UADSL signal is connected to all POTS 
lines coming out of a remote terminal. Connecting the UADSL output of 

30 the splitter to the POTS output eliminates the need for additional wiring 
in the customers house. 
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Other objects and attainments together with a fuller understanding 
of the invention will become apparent and appreciated by referring to the 
'following description and claims taken in conjunction with the 
accompanying drawings. 

5 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the drawings wherein like reference symbols refer to like parts: 

10 Figures 1 shows a standard ADSL configuration; C 

Figure 2 shows a standard of UADSL configuration; 

Figures 3A and 3B show a conventional configuration of ADSL over 
15 a pair gain system; 

Figures 4A and 4B show an embodiment of ADSL over a pair gain 
system according to one embodiment of the invention; 



20 



Figure 5 shows a variation, of the embodiment in Fig. 4A according 



to the invention; 



Figure 6 shows another embodiment of the invention in which the 
splitter at the telephone company location is integrated with the central 
25 office terminal; 

Figure 7 shows how UADSL can work with pair gain systems 
according to the invention; 

30 Figures 8A and 8B show still another embodiment according to the 

invention; and 
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Figure 9 shows a variation of the embodiment in Fig. 8A according 
* to the invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
5 EMBODIMENTS 

Figure 4A shows an embodiment of ADSL over a pair gain system 
according to the present invention. In this embodiment, at telephone 
company location 100, COT 2 provides two pairs of POTS lines to a pair 
10 gain LC system 16, which converts the two pairs into one DSL (Digital 
Subscriber Line). The DSL and ADSL supplied from ADSL modem 4 are 
connected to splitter 18, which provides DSL and ADSL services to 
customer premise 200 on a single pair of lines. 

15 At customer premise 200, an integrated terminal 40 is provided and 

connected to the DSL and ADSL pair of lines. Integrated terminal 40 
comprises a pair gain remote terminal (RT) integrated with a splitter. 
The splitter in terminal 40 separates the DSL from the ADSL. The DSL is 
provided to the pair gain RT in terminal 40, which provides two analog 

20 POTS lines. The ADSL is provided to ADSL modem 24, which is 
connected to either ATM 25 or Ethernet. The embodiment in Figure 4A 
can also be used to provide ADSL over ISDN BA (basic access). In such 
case, integrated terminal 40 comprises an ISDN NTl (network 
termination 1) integrated with a splitter. 

25 

A splitter that may be used in the invention typically comprises a 
low pass filter for connecting to DSL line and a high pass filter for 
connecting to ADSL line. The low pass filter should allow 2B1Q or 4B3T 
signals to pass to the pair gain terminal and block ADSL signal. The high 
30 pass filter should at least allow ADSL signal to pass to the ADSL modem. 
As an example, the low pass filter may have a frequency spectrum of 80 to 
120 kHz. 2B1Q signal is near the low end of the frequency spectrum, 
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while 4B3T signal is near the high end of the frequency spectrum. The 
. high pass filter may have a frequency spectrum of 100 to 140 kHz. 

There are several ways to implement the integration of the splitter 
5 in terminal 40. One way is to include the splitter on a printed circuit 
board (PCB) with the pair gain electronics. This is an economical solution 
if a new design is made. Because of the large volumes, the cost will be low. 
These systems become ADSL compatible. 

10 Another way is the integration of the splitter in a connector module 

for copper twisted pair, e.g. in an MSP (modular single protector) product, 
manufactured by Raychem Corporation, Menlo Park, California. This 
provides a lot of flexibility. The ADSL splitter can be installed in the field 
as opposed to factory pre-installation and an additional connector module, 

15 such as another Raychem's MSP, for the ADSL signal can be provided. An 
advantage is that this solution provides the Telecom operators a very easy 
way to upgrade existing pair gain systems to ADSL compatible system. 
The existing connector (e.g., 125 AW) for copper twisted pair can be 
removed and replaced by, for example, a sealed MSP including the 

20 splitter. An extra MSP can be mounted for the ADSL data line to connect 
the twisted pair to the ADSL modem. 

Figure 4B shows an example of a remote terminal 40 according to 
the invention. Connectors 1, 2, ADSL and DSL are connected to POTS1, 
25 POTS 2, ADSL and DSL lines, respectively. 

The above ways of implementing the integration of the splitter also 
applies when an ISDN NT1 is used in terminal 40 in an ISDN BA system. 

30 Thus, the following benefits can be obtained from the present 

invention. The cost is reduced because only one box is needed. In the box, 
the spUtter and the pair gain RT electronics are integrated on one printed 
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circuit board. Furthermore, less space is needed at customer premise 200. 
Also, if this embodiment of the invention is implemented as standard in 
all remote terminals, Telecom operators can save a truck roll when a 
customer orders ADSL service because the integrated terminal is already 
5 capable of providing the service. 



10 



15 



20 



25 



Depending on the regulatory environment, the ADSL modem at 
customer premise 200 can also be integrated with the pair gain RT (or 
ISDN NT1) and the splitter. Figure 5 shows such an embodiment 
according to the present invention. In Fig. 5, an integrated terminal 60 
comprises a pair gain RT (or ISDN NTl) integrated with a splitter and an 
ADSL modem. 

According to the present invention, the splitter at telephone 
company location 100 may also be integrated with the pair gain line card 
or backplane of the pair gain shelf. There are several ways to implement 
the integration. One way is to provide a separate splitter shelf in the 
central office. Another way is to mount the splitters on the main 
distribution frame (MDF) in the central office. 

For pair gain systems, it can be attractive to integrate the splitter 
with the COT (Central Office Terminal) of the pair gain system, as 
illustrated by integrated terminal 75 in Fig. 6. It reduces the cost and 
makes the system compatible with future services. For example, the 
Raychem Miniplex® system has a lot of flexibility because of the approach 
with the universal shelf. For two channel systems spare connections are 
already available. 



In the embodiment shown in Fig. 6, the splitter may be mounted on 
the pair gain line card for a universal application. Alternatively, the 
sphtter can be mounted on the backplane. For example, a splitter module 
may be mounted individually on wire-wrap pins, or a piggy-back board 
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with splitters mounted thereon may be provided. Alternatively, 
integrating splitters in the DSL connector for the connectorized shelf, i.e., 
a shelf that has pre-equipped connectors. 



5 Figure 7 shows how UADSL can work with pair gain systems. This 

embodiment provides the UADSL on one POTS line. As shown in Fig. 7, a 
splitter 84 separates the DSL from the UADSL. The DSL is provided to a 
pair gain RT 86 which provides two analog POTS lines. The UADSL is 
combined with one of the two POTS lines so that a combined 

10 POTS+ UADSL is provided. ADSL modem 88 is connected to the 
POTS+UADSL line. A connector module 87 for copper twisted pair is used 
to connect the UADSL line to the POTS+UADSL line in Fig. 7. In Fig. 7, 
splitter 84 and pair gain RT 86 may be integrated. Also, by using 
appropriate high pass filters, the UADSL can be offered on multiple POTS 

15 pairs coming out of pair gain RT 86, as will be described below in 
connection with Fig. 8A. 



Figure 8A shows the block diagram of an integrated pair gain 
system RT 90, including a splitter 94. This embodiment provides UADSL 

20 on all the lines in a house. In Fig, 8A, splitter 94 and pair gain RT 96 are 
integrated as described above. The UADSL from splitter 94 is connected 
to both outgoing pairs of POTS through high pass filter 102, connector 
module 97 and high pass filter 104, connector module 98, respectively. 
High pass filters 102 and 104 assure the quality of the voice frequency 

25 (VF) transmission in each POTS line. The high pass filters are required 
for the simultaneous connection of UADSL on both POTS pairs. This 
provides a significant reduction of the complexity of managing the wiring 
in the house. In this way, someone who has two telephone lines may 
receive the UADSL signal on both lines. With this configuration, the in- 

30 house wiring behaves as two different pairs in the voice band and as one 
twisted pair network for the UADSL signal. 
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In the embodiment of Figure 8A, a separate output for a high- 
frequency signal is also provided. This output can be used for UADSL or 
ADSL. If a customer initially chooses the UADSL service, he or she can 
later upgrade the service to the full-rate ADSL service. Also, by 
connecting a UADSL modem to the UADSL or the ADSL only signal, the 
performance is likely to be much better than either POTS1+ UADSL or 
POTS2+UADSL signal on the separate pair for the UADSL signal in the 
house. 

In Fig. 8A, high pass filters 102 and 104 need to be at least 65 dB 
attenuation in the 300 Hz to 4 kHz frequency band, in order to meet the 
minimum specification for avoiding cross-talk between the POTS lines. 
Preferably the attenuation should be higher, such as 70 dB or 75 dB. An 
attenuation of 80 dB in the voice band would give near perfect 
performance in the voice frequency band. Figure 8B shows the 
characteristics of the high pass filters, as an example. At minimum a 
third order filter would be required. A fourth order filter should 
preferably be used. 

Figure 9 shows a variation of the embodiment illustrated in Fig. 8A. 
In Fig. 7, low pass filters 106 and 108 are provided at the analog POTS 
hues. Low pass filters 106 and 108 help reduce possible interference 
caused by the UADSL signal on the electronics in pair gain RT 96. 

In Figs. 8A and 9, connection of the UADSL to both POTS lines can 
also be implemented by integrating the appropriate low and high pass 
filters in connector modules for copper twisted pair, such as Raychem's 
MSP product. This will provide a way to upgrade existing remote 
terminals to UADSL on both POTS lines. 
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A range of splitters may be used to adapt to a range of different pair 
.gain systems with two, four, or six channels, for example, which use 
different bit rates on the DSL. 



5 As a corollary we need an ADSL modem that will automatically 

adapt itself to the conditions on the line. ADSL over ISDN has been 
demonstrated by moving the ADSL DMT (direct multi-tone transmission 
technique) frequency spectrum higher up. The bit rate or distance 
performance was 10% less than for ADSL over POTS. Currently, 6 or 8 

10 Mbps is too much for the actual applications. Therefore/ Telecom operators 
will be very willing to compromise on the bit rate for compatibility with 
existing other services. For example, for UADSL, 500 kbps or 1 Mbps is 
quoted. 



15 The standard rate adaptivity of ADSL modems can be extended. In 

standard ADSL the modems are checking the attenuation which goes 
down for the higher frequencies. If splitters with a higher cut-off 
frequency are installed on the line, the ADSL modem is able to recognize 
them by measuring the attenuation at the lower end of the frequency 

20 spectrum. After identification of the splitter, the modem can switch to the 
appropriate mode and rearrange the bit allocation on the DMT channels to 
accommodate with the available bandwidth for downstream and upstream 
transmission. 



25 Also, bit compression in the voice channels have been used to 

optimize the ADSL data rate. Technologies for reducing the bandwidth 
requirements for voice frequency channels are widely known: e.g. ADPCM 
(adaptive differential pulse code modulation) G.726 compression reduces 
the bit rate from 64 kbps (PCM) to 32 and 16 kbps. In the US and Western 

30 Europe, the use of these technologies in the access network has not been 
allowed because it compromises the performance of high speed analog 
modems (V.34). A 4-channel pair gain system (e.g. Miniplex 4N1) uses a 
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lot more of the frequency spectrum than a 2-channel system (up to 144 
kHz versus up to 80 kHz). The low end of the frequency spectrum is also 
the most efficient for ADSL transmission as the attenuation of the twisted 
pair increases with frequency. 

If in the future all data transmission will be done over ADSL, then 
the requirement for 64 kbps transmission of voice channels may be 
relaxed and ADPCM compression may be allowed. Using ADPCM a 4- 
voice channel system only needs the 2-channel bandwidth on the DSL (e.g. 
Miniplex® ADPCM-4 system). This will leave more spectrum available for 
the ADSL signal and therefore a higher bit rate or longer reach. This 
concept gives the Telecom operator more freedom in making trade-offs 
between the quality of different services on the same copper pair, i.e., 
between voice and data. 



Telecom operators prefer to introduce new services that are 
compatible with existing services. The ideas presented above show how 
ADSL can be introduced in the network and work together with pair gain 
systems. For ADSL over ISDN, the same solutions are required as for 
20 ADSL over pair gain. 

While the invention has been described in conjunction with several 
specific embodiments, it is evident to those skilled in the art that many 
further alternatives, modifications and variations will be apparent in light 
25 of the foregoing description. Thus, the invention described herein is 
intended to embrace all such alternatives, modifications, applications and 
variations as may fall within the spirit and scope of the appended claims. 
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WHAT IS CLAIMED IS: 

« • 

* 

1. An apparatus for communicating with a telephone company 
location which includes a pair gain system and provides combined digital 

5 subscriber line (DSL) and asymmetrical digital subscriber line (ADSL) 
signals, the apparatus comprising: 

a splitter for separating the combined DSL and ADSL signals 
received from the telephone company location into a DSL signal and an 
ADSL signal; and 

10 a pair gain remote terminal connected to said splitter for receiving 

from and sending to said splitter a DSL signal; 

wherein said splitter is integrated with said remote terminal. 

2. The apparatus of claim 1 wherein said splitter receives a DSL 
15 signal from said remote terminal and an ADSL signal from an ADSL 

modem and combines the DSL and ADSL signals for sending to the 
telephone company location. 

3. An apparatus for communicating with a telephone company 
20 location which includes an ISDN system and provides combined digital 

subscriber line (DSL) and asymmetrical digital subscriber line (ADSL) 
signals, the apparatus comprising: 

a splitter for separating the combined DSL and ADSL signals 
received from the telephone company location into a DSL signal and an 
25 ADSL signal; and 

an ISDN network termination (NT) unit connected to said splitter 
for receiving from and sending to said splitter a DSL signal; 

wherein said splitter is integrated with said ISDN NT unit. 

30 4. The apparatus of claim 3 wherein said splitter receives a DSL 

signal from said ISDN NT unit and an ADSL signal from an ADSL modem 
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and combines the DSL and ADSL signals for sending to the telephone 

company location. 
• • 

5. An apparatus for use in a telephone company location which 
provides combined digital subscriber line (DSL) and asymmetrical digital 
subscriber line (ADSL) signals for communicating with a pair gain remote 
terminal, the apparatus comprising: 

a sphtter for separating the combined DSL and ADSL signals 
received from the remote terminal into a DSL signal and an ADSL signal; 



a pair gain line card connected to said splitter for receiving from 
and sending to said splitter a DSL signal; 

wherein said sphtter is integrated with said pair gain line card. 

" 6. The apparatus of claim 1, 3 or 5 wherein said sphtter 

includes: 

a DSL line for receiving and sending a DSL signal; 
an ADSL line for receiving and sending an ADSL signal; 
a low pass filter connected to said DSL line for filtering signals to be 
20 sent and received on said DSL line; and 

a high pass filter connected to said ADSL line for filtering signals to 
be sent and received on said ADSL line. 



25 



30 



7. An apparatus for communicating with a telephone company 
location which includes a pair gain system and provides combined digital 
subscriber line (DSL) and universal asymmetrical digital subscriber line 
(UADSL) signals, the apparatus comprising: 

a sphtter for separating the combined DSL and UADSL signals 
received from the telephone company location into a DSL signal and a 
UADSL signal, said splitter including a DSL line for receiving and 
sending a DSL signal and a UADSL line for receiving and sending a 
UADSL signal; 
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a pair gain remote terminal connected to said splitter for receiving 
from and sending to said splitter a DSL signal, said remote terminal 
including a plurality of lines for receiving and sending analog signals; and 
a connector module connected to the UADSL line of said splitter 
and one of the plurality of lines of said remote terminal, said connector 
module including a combined signal line for sending and receiving 
combined UADSL and analog signals; 

wherein said splitter is integrated with said remote terminal. 

10 8. The apparatus of claim 7 wherein said splitter receives a DSL 

signal from said remote terminal and a UADSL signal from said connector 
module and combines the DSL and UADSL signals for sending to the 
telephone company location. 

15 9. The apparatus of claim 7 wherein said splitter further 

includes: 

a low pass filter connected to said DSL line for filtering signals to be 
sent and received on said DSL line; and 

a high pass filter connected to said UADSL line for filtering signals 
20 to be sent and received on said UADSL line. 

10. An apparatus for communicating with a telephone company 
location which includes a pair gain system and provides combined digital 
subscriber line (DSL) and universal asymmetrical digital subscriber line 

25 (UADSL) signals, the apparatus comprising: 

a splitter for separating combined DSL and UADSL signals received 
from the telephone company location into a DSL signal and a UADSL 
signal, said splitter including a DSL line for receiving and sending a DSL 
signal and a UADSL line for receiving and sending a UADSL signal; 

30 a pair gain remote terminal connected to said splitter for receiving 

from and sending to said splitter a DSL signal, said remote terminal 
including a plurality of lines for receiving and sending analog signals; 
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^ a plurality of filters each coupled to the UADSL line of said splitter; 
' ' a plurality of connector modules each coupled to one of said 

e " y Tr and one of the *— ° f un - — ~ ™ 

aa* of satd plurality of connector modules inc.udin g a comhined signa 
hne for sendtng and receiving combined UADSL and analog signals- 
wherein said sphtter is integrated with said remote terminal.' 

DSL , aPParatUS ° f ^ 10 Wh6rein Said 8 » U "« receives a 

sa^d 7 1 f ^ teminal a UADSL signal from one of 

nr / COnneCt ° r m ° dU,eS - d «"" W ~ "» -d ADSL 

S1 gnals for sendmg to the telephone company location. 

12. The apparatus of claim 10 wherein each of said plurality of 
™ers . a high pass niter having at W 65 dB attenuation L a 
frequency band of 300 Hz to 4 kHz. 

13^ The apparatus of claim 12, further comprising a plurality of 
W pass niters each connected between one of the polity of l s 
remote termtnal and one of said plurality of connector modules. 

include"' aPPamUS ° f Cl3im 10 WhereSn 6aid 

sent and' I T" """^ * ^ *" *» ^ — - * - 
sent and received on said DSL hne; and 

a high pass filter connected to said UADSL hne for filtering signals 
to be sent and received on said UADSL line. 

15. The apparatus of claim 6, 9 or 10 wherein- 

eaid low pass filter has a cutoff frequency of 80 to !20 kHz- and 

aa,d mgh pass filter has a cutoff fre, uency of 100 t0 UQ ^ 
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